A pathway for degradation of the cyclopropane fatty acids, requiring only minor modification of the usual /3 oxidation pathway, is proposed.
Cyclopropane fatty acids occur in a variety of organisms but most prominently in many bacteria, where they may be major components of the phospholipids (1).
The rat is able to shorten cyclopropane fatty acids by fl oxidation, but the degradation stops short of the cyclopropane ring, with the accumulation of 3,4-methylene fatty acids (2, 3). The phytoflagellate protozoan Ochromonas da&a, however, released significant amounts of 14C02 when administered biosynthetically labeled [cis-9 , lo-methytene-14C]methylenehexadecanoate and [&s-l 1, 12-methylene-14C]-methyleneoctadecanoate, indicating degradation of the cyclopropane ring (4). The degradation was slow in this organism (5) and was demonstrated more readily using Telrahymena pyriformis.
Experiments described in this paper show that the ring methylene carbon of a cyclopropane fatty acid appears in the methyl carbon of acetate. A detailed description of these modifications is available (5)) and a brief description of the procedure is provided here. [l ,3J4C]Acetone (256 mCi) was diluted with unlabeled acetone and 14CH13 was made by reaction with 12 under alkaline conditions. The 14CH13 was reduced to 14CH& with NazAsOo (6) and the 14CHJ2 was added to the double bond of methyl vaccenate using the Simmons-Smith reaction (7). The product, methyl cis-11 ,12-[methylene-W]methyleneoctadecanoate, was purified by argentation thin layer chromatography (8) , followed by preparative gas-liquid chromatography (9) . The product had the same gas chromatographic retention time as methyl vaccenate purchased from Applied Science Laboratories.
Methyl cis-9, lo-methyleneoctadecanoate was prepared from methyl [UJ4C]oleate and unlabeled CH& by the same method; the product has a mass spectrum identical to that reported for the same compound by Wood and Reiser (2) . Before use, the methyl esters were saponified by refluxing for 2 hours in 4.0 ml of 5% KOH in 50% methanol, followed by acidification with 1.5 ml of 6.0 N HCl and extraction with ethyl ether. After removal of the solvent, the fatty acids were redissolved in 95% ethanol.
Culture of Microorganisms-T. pyrijormis (GL) was obtained from Dr. D. Outka, Iowa State University.
The organisms were ordinarily grown on a medium containing 2% proteose peptone and 0.1% yeast extract at 25" with shaking.
Escherichiu coli (BFG) was obtained from Dr. J. Horowitz, Iowa State University.
Cells with a high cyclopropane fatty acid content were obtained by growth on a glucose and salts medium (10) fol, 24 hours at 37" in a gyratory shaker. For experiments in which a T. pyriformis culture was to be added io the bacterial culture, the E. coli medium was supplemented with the following salts (concentrations given in milligrams per 100 ml of medium) ; CaClp-2Hz0, 5; Fe(NH.&S04-6H20, 2.5; FeC13-6Hz0, 0.125; MnClz-4Hz0, 0.05; ZnC&, 0.005; CuC12-2H20, 0.5. Degradation of CL-1 1,12-[Methylene-'4Clmethyleneoctadecanoic Acid in Vivo-An apparatus was prepared in which T. pyriformis could be grown with a stream of COz-free air sweeping respired CO% into a flask containing 25y0 KOH, in which the CO2 was trapped.
To 100 ml of culture medium in this apparatus were added 2.4 x lo5 dpm of cis-11 , 12-['4C]methyleneoctadecanoic acid (28 &i per mmole) in 20 ~1 of 95% ethanol.
A l-ml culture of T. pyriformis then was introduced.
Aliquots of the KOH solution used to trap COn were removed at intervals, and the 14C02 was determined by scintillation counting with Cab-0-Sil scintillation gel (11). After seven days of growth, a 40-ml sample of the culture was removed, and protozoan cells were collected by centrifugation for 5 min at 1000 X g and O-2". The cells were resuspended in 1 ml of water, the lipids were extracted (12), and the radioactivity in the lipids was assayed. From the residue remaining after lipid extraction, glycogen was isolated as described by Rendina (13), and the radioactivity in this fraction was assayed.
Oxidation of Fatty Acids by Cell-free Preparations from T. pyriform&-Cultures of T. pyriformis grown for 48 hours on proteosepeptone were harvested by centrifugation for 10 min at 1000 X g, O-2" and washed twice in a preparation medium consisting of 0.35 M mannitol, 0.05% bovine serum albumin, 0.1 mM sodium EDTA, and 1.0 mM Tris-HCl with a final pH of 7.2 (14). The cells were homogenized and subcellular particles were prepared by a modification of the procedure of Kobayashi (14). All steps were performed at G2".
The cells from 6 liters of culture medium were suspended in 20 ml of the preparation medium, then gently homogenized in a glass homogenizer with a tightly fitting Teflon pestle. The homogenate was immediately centrifuged at 10,000 x g for 5 min and the supernatant was discarded.
The sediment was washed once by centrifugation at 10,000 x g from 30 ml of the preparation medium.
The resulting pellet was resuspended in a volume of the preparation medium to give 40 mg of protein per ml of suspension.
l'rotcin was determined by the biuret method (15).
Incubations with labeled fatty acids were performed in Warburg flasks closed with serum caps and were carried out for 4 hours at 25" in a metabolic shaker.
The labeled fatty acid was added in 10 ~1 of 95y0 ethanol.
When 14C02 was to be collected, filter paper discs were placed in the center wells. At the end of the incubation, 0.1 ml 25% KOH was injected onto the filter papers, and the reactions were stopped by injection of 0.3 ml of 6.0 N HzS04 into each reaction mixture.
The flasks were shaken for 1 hour more to collect 14C02. Controls were prepared by the addition of the H&O4 immediately after the addition of the substrates to the reaction mixture.
The filter papers were dried and radioactivity was counted in 10 ml of Bray's solution (16).
Isolation of Acetate and Propionate-One milliliter of 2.5 N KOH was added to each reaction mixture, and the mixtures were left overnight at 37". The samples were deproteinized (17)) and 20 pmole each of sodium acetate and sodium propionate were added as carriers.
The samples were acidified with 0.8 ml of 6.0 N IIS and distilled into a receiver containing 1 .O ml of 2.5 N KOH.
When the sample was reduced to half its original volume, water was added to restore the original volume and the distillation was repeated. The combined distillate was reduced to about 0.5 ml in a rotary evaporator, acidified with 0.3 ml of 18 N HzS04 and transferred to a silicic acid column.
The column was prepared and eluted as described by Ramsey (18). Elution was continued just long enough to elute propionic and acetic acids. Fractions containing acetic and propionic acids were located by titration with 0.01 N ethanolic KOH.
Two drops of 0.1% thymolphthalein in ethanol were added as indicator, and nitrogen was bubbled through the samples during titration. After titration, 2 ml of 0.2 N ethanolic KOH were added to each vial and the contents were dried under nitrogen.
Five drops of 2.0 N acetic acid were added to each vial to dissolve the salts and the radioactivity was measured in 10 ml of Uray's liquid scintillation solution.
Position of Labeled Carbon in [14C]acetate-Four experiments were performed in which cis-11 , 12-[methylene-14C]methyleneoctadecanoic acid was incubated with the 10,000 x g pellet obtained from T. pyrijormis as described in the caption for Table  II. Four 3-ml reaction mixtures in 25 ml Erlenmeyer flasks were used in each experiment.
The incubation medium was supplemented with 5.0 mM malonate.
The radioactive acetate was isolated as described earlier except that, 10 pmole of unlabeled acetate were added to each flask as carrier.
The column fractions containing acetate from each experiment were pooled and dried under vacuum after the addition of 2.0 ml of 0.2 N ethanolic KOH.
The samples collcctcd from all experiments were pooled and dissolved in water to a total volume of 5.0 ml. An aliquot of 0.25 ml was transferred to a liquid scintillation vial and 0.25 ml of 2.5 N KOII was added to it. Fifteen milliliters of Cab-0-Sil gel then were added and radioactivity was measured.
The rest of the sample was transferred to a 25.ml reaction flask and dried under vacuum on a rotary evaporator.
Five milligrams of unlabeled sodium acetate were added, and the sample was dcgradcd by the Schmidt reaction (19).
RESULTS

AND I)ISCUSSION
E. coli cells harvested in the stationary phase cont#ain substantial amounts of cis-9, IO-methylcnchcxatlcca~loic acid and cis-I I , 1%methyleneoctadecanoic acid (I). T. pyrijormis fatty acids do not include any components with gas chromatographic retention times close to those of the cyclopropanc fatty acids so the disappearance of the cyclopropane fatty acids as the protozoa feed upon and digest t,he bacterial cells is easily seen (Fig. 1) . In the first fatty acid profile of Fig. 1 . the pattern is essentially that of E. coli alone. After three days a large peak between Cl7 cyclopropane fatty acids and C~S:O, due to polyunsaturated Cls acids, appears while the (317 and Cl9 cyclopropane fatty acids decline in amount.
After 5 days the cyclopropane fatty acids have nearly disappeared.
There is no indication of the accumulation of Cl1 and Cl3 cyclopropane fatty acids, as occurred when cyclopropane fatty acids were fed to rats (2). These samples represent equal volumes of well stirred culture and the results cannot be esplained by settling out of the bacterial cells.
Confirmation that metabolism of the cyclopropanc fatty acids by T. pyrijormis included degradation of the cyclopropane ring was obtained by growing the organism in proteose-peptone medium to which a cyclopropane fatty acid, labeled with 14C in the ring methylene carbon, was added.
14C02 was evolved throughout the 7 days of the esperiment (Table I) . At the end of 7 days, total lipids were extracted, and glycogcn was isolated from the lipid-free residue.
The fraction of the total 1% added that was recovered in each of the materials isolated was: COz, 9.1%; lipid, A particulate fraction which includes the mitochondria from cell homogenates (14) was prepared and found to oxidize palmitic acid readily (Table II) .
Addition of malonate reduced the r4C02 production drastically and allowed the recovery of a small amount of [14C]acetate. When a similar experiment was performed with methylene-labeled cyclopropane fatty acid as the substrate, 14C02 was also produced, and [14C]acetate was isolated when its oxidation was inhibited by malonate (Table III) .
The yield of 14C02 from palmitic acid was 12.5% of the theoretical in the absence of malonate, while from the cyclopropane fatty acid it was 1.8 %. The low yield in the latter case may be caused by relatively slow metabolism of the cyclopropane ring, or it may merely reflect the fact that release of labeled product from this substrate requires six turns of the p oxidation cycle while a single turn releases [14C] and unlabeled methylene iodide to determine whether the methylterminal end of the cyclopropane fatty acid is converted to propionate. Even in the presence of avidin, only a very small amount of labeled propionate was found (Table III) , although a substantial amount of [14C]acetate was isolated when malonate was present.
Acetate accumulated from four separate reactions of cis-11,12-[methylene-14C]methyleneoctadecanoate with 10,000 x g particle preparations was degraded by the Schmidt reaction. Starting with a sample containing 1662 dpm of r4C, 3 dpm were recovered from the carboxyl group and 834 dpm from the methyl group. We conclude that the ring methylene carbon of the cyclopropane fatty acid substrate appears exclusively in the methyl group of acetate. Schiller and Chung (21, 22) studied the metabolism of cyclopropanecarboxylic acid by Fusarium oxysporum and concluded the cyclopropane ring was opened by a reaction or reaction sequence in which the elements of water are added across the ring. The validity of this reaction as a model for the metabolism of the cyclopropane ring in the cyclopropane fatty acids is doubtful since the intermediate products of p oxidation of the cyclopropane fatty acids have at least one methylene group between the ring
